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FOREWORD 

This  r e p o r t  was prepared by the  Martin Mar ie t ta  
Corporat ion under Cont rac t  NAS 9-9336, "Fina l  Analys is /  
Design and Pro to type  Construct ion of a  Se l ec t ed  Mobi- 
l i t y  and R e s t r a i n t  Device," f o r  t he  Manned Spacecraf t  
Center  of t he  Nat iona l  Aeronaut ics  and Space Adminis- 
t r a t i o n .  The work was administered under the  t echn i -  
c a l  d i r e c t i o n  of the  Spacecraf t  I n t e g r a t i o n  Of f i ce  of 
t he  Manned Spacecraf t  Center wi th  M r .  Maynard C.  Dal ton 
a c t i n g  a s  the  Technical  Monitor. This  r e p o r t  summarizes 
the  e f f o r t  performed dur ing  the  per iod  of t h i s  con t r ac t .  
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I. INTRODUCTION 

Since t h e  du ra t ion  of space f l i g h t s  w i l l  be lengthened i n  t he  
near  f u t u r e ,  a d d i t i o n a l  s p a c e c r a f t  volume w i l l  be r equ i r ed  t o  
accommodate t he  equipment needed t o  support  such a  mission.  The 
l a r g e r  volume spacec ra f t  w i l l  r e q u i r e  a  mobi l i ty  and r e s t r a i n t  
device  t o  a i d  the  crewman i n  performing h i s  zero-gravi ty  t a s k s  
and experiments.  Th i s  mob i l i t y  and r e s t r a i n t  device must be de- 
s igned t o  o f f e r  t he  crewman a s  much o r  a s  l i t t l e  r e s t r a i n t  a s  
deemed necessary.  I n  a d d i t i o n  t o  being simple and compact, the 
device should provide a  simple i n t e r f a c e  wi th  the  use r .  

The mob i l i t y  and r e s t r a i n t  device  developed, designed,  fab-  
r i c a t e d ,  and t e s t e d  a t  t he  Mart in  Mar i e t t a  Corporat ion dur ing  
t h i s  c o n t r a c t  o f f e r s  a l l  the  above advantages.  The device  i s  
known a s  t he  " shu f f l e r "  and i s  a  shoe t h a t  s l i p s  on a s  primary 
footwear. Permanent magnets a r e  embedded i n  the  b a l l  and h e e l  
a r e a s  of the  s o l e  and s i zed  t o  meet a t t r a c t i v e  f o r c e  requirements .  

Magnetic a t t r a c t i o n  has been used previous ly  a s  a  mob i l i t y  
device ,  but  i t s  use has been more o r  l e s s  confined t o  an e a r t h -  
o r i en t ed  ga te .  The s h u f f l i n g  technique,  a s  t h e  name imp l i e s ,  de-  
v i a t e s  s i g n i f i c a n t l y  from previous concepts .  Here, both f e e t  
remain i n  continuous con tac t  w i th  the  f e r r o u s  su r f ace  t o  a s su re  
continuous s t a b i l i t y .  A low c o e f f i c i e n t  of f r i c t i o n  m a t e r i a l  i s  
placed i n  t h e  b a l l  a r ea  of the  f o o t  and a  high c o e f f i c i e n t  of 
f r i c t i o n  m a t e r i a l  i s  placed i n  t he  h e e l  and toe  a reas .  The 
s h u f f l i n g  movement i s  f a c i l i t a t e d  by the  permanent magnet i n  the 
b a l l  a r e a  of t h e  foo t .  The magnet has  s u f f i c i e n t  s t r e n g t h  t o  
main ta in  c o n t a c t ,  bu t  i s  no t  s t r o n g  enough t o  impede the  s l i d i n g  
motion r equ i r ed  f o r  t h i s  mode of t r a n s p o r t a t i o n .  The pushing 
f o r c e  f o r  s h u f f l i n g  o r i g i n a t e s  from the h e e l  a r ea  of the  foo t .  

The s h u f f l e r s  can g r e a t l y  a s s i s t  i n  equipment monitor ing and 
making adjustments .  The wearer can ope ra t e  e s s e n t i a l l y  i n  an 
e a r t h - l i k e  condi t ion .  Once the s h u f f l e r s  a r e  i n  p l ace ,  they may 
func t ion  i n  a  s i m i l a r  manner t o  f l o o r  -mounted r e s t r a i n t s  o r  "Dutch 
Shoes"; body t w i s t i n g ,  bending, and s t r e t c h i n g  a r e  r e a d i l y  acco- 
modated. I f  adjustment must be made ou t s ide  of the man's reach 
whi le  i n  a  f i x e d  p o s i t i o n ,  simple s h o r t  s h u f f l i n g  movements can 
e a s i l y  r e p o s i t i o n  the  body. 

Another major use of t he  s h u f f l e r s  could be i n  t r a n s p o r t i n g  
bulky o r  h igh  i n e r t i a  equipment. I n  cases  when only the  i n d i -  
v i d u a l  i s  involved,  a  f r e e - f l y  o r  swimming mode can be used. The 
shoes a r e  so  conceived a s  t o  f a c i l i t a t e  easy sepa ra t ion  from the  
f l o o r  f o r  t h i s  mode. 



11. STUDY SCOPE AND OBJECTIVE 

The o b j e c t i v e  of t h i s  c o n t r a c t  was t o  provide t h e  f i n a l  ana- 
l y s i s ,  d e t a i l e d  design drawings, and f i n a l  design documentation 
f o r  mob i l i t y  and r e s t r a i n t  footwear known a s  "shuff le rs . "  Once 
the des ign  of t he  s h u f f l e r  became f i n a l ,  two p a i r s  of pro to type  
footwear were f a b r i c a t e d  f o r  t e s t i n g  i n  n e u t r a l  buoyancy tanks 
and p a r a b o l i c  a i r c r a f t  f l i g h t s  where a  zero-gravi ty environment 
can be approached. The intended end use of t h e  s h u f f l e r  i s  t o  
make a s t r o n a u t s  more s t a b l e  whi le  t r a n s p o r t i n g  o b j e c t s  and pe r -  
forming o the r  necessary maintenance t a s k s  i n  space. 

The concept requi red  t h e  use of embedded permanent magnets. 
S ince  a  f e r r o u s  su r f ace  i s  requi red  i n  conjunct ion wi th  the  per -  
manent magnets, t he  s tudy a l s o  requi red  the a n a l y s i s  and documen- 
t a t i o n  of the  l i g h t e s t  weight  f l o o r  c o n s i s t e n t  wi th  the  requi red  
hold ing  f o r c e s  f o r  the  va r ious  proposed crew tasks.  

I n  achiev ing  the  o b j e c t i v e s ,  the  scope of the  s tudy included 
examination of holding f o r c e s  involved dur ing  performance of crew 
t a s k s ;  performing a  magnetic a n a l y s i s  t o  ensure  t h a t  t he  requi red  
f o r c e s  could be obta ined;  de te rmina t ion  of t he  permanent magnet 
s p e c i f i c a t i o n s  and the  f l o o r  s p e c i f i c a t i o n s ;  cons t ruc t ion  and 
t e s t i n g  of engineer ing  eva lua t ion  models; comparison of t e s t  r e -  
s u l t s  w i t h  a n a l y t i c a l  r e s u l t s ;  m a t e r i a l  s tudy;  and p repa ra t ion  of 
d e t a i l e d  des ign  drawings. 

111. RELATIONSHIP TO OTHER NASA EFFORTS 

The mob i l i t y  and r e s t r a i n t  footwear developed and designed 
dur ing  t h i s  con t r ac t  could prove t o  be the  s o l u t i o n  t o  NASA's 
mob i l i t y  and r e s t r a i n t  problems f o r  f u t u r e  l a r g e  volume space 
s t a t i o n s .  This  concept provides t he  f u t u r e  space crew wi th  a  
mob i l i t y  and r e s t r a i n t  a i d  f o r  use i n  zero g r a v i t y  a s  they pe r -  
form t h e i r  requi red  tasks .  The concept i s  a  very  simple one. 
The footwear worn by the  crewmen leave h i s  hands f r e e .  There 
a r e  no adjustments  t o  be made and no bulky equipment t h a t  imposes 
a  l i m i t a t i o n  on the degree of t r a v e l .  The footwear i s  so con- 
ceived t h a t  once r e s t r a i n t  i s  no longer  needed, s epa ra t ion  from 
the  f l o o r  i s  e a s i l y  accomplished. I n  a d d i t i o n ,  t h i s  concept pro-  
v i d e s  t he  use r  wi th  a s  much o r  a s  l i t t l e  r e s t r a i n t  a s  he d e e m  
necessary.  I n  o the r  words, upon f i n i s h i n g  a  t a sk  i n  one work 
a r e a ,  he could move t o  another  a r ea  without  having t o  remove him- 
s e l f  from the  r e s t r a i n t  device.  



Assuming t h a t  t h i s  i s  an acceptab le  concept f o r  r e s t r a i n t ,  
o the r  types of r e s t r a i n t  design s.uch a s  t oe  holds ,  hand r a i l s ,  
e t c ,  could be g r e a t l y  reduced on f u t u r e  space s t a t i o n s .  The f l o o r  
des ign  i n  t he  r equ i r ed  r e s t r a i n t  a r e a s  would be a f f ec t ed .  

I V .  METHOD OF APPROACH AND PRINCIPAL ASSUMPTIONS 

Immediately fo l lowing  c o n t r a c t  go-ahead, a  d e t a i l e d  s tudy 
p l an  was submit ted t o  provide an o u t l i n e  f o r  the  f i n a l  a n a l y s i s ,  
des ign ,  documentation, and prp to type  f a b r i c a t i o n  of the mobi l i ty  
and r e s t r a i n t  footwear ( s h u f f l e r ) .  The s tudy approach cons is ted  
of a n a l y s i s ,  f a b r i c a t i o n  of s e v e r a l  engineer ing  eva lua t ion  models, 
eva lua t ion  t e s t i n g ,  and p repa ra t ion  of engineer ing  drawings and 
the  f l o o r  s p e c i f i c a t i o n .  

An i n v e s t i g a t i o n  was s t a r t e d  t o  determine the  a c t i v i t i e s  
wi th  which an a s t r o n a u t  could be involved when us ing  s h u f f l e r s .  
The motions analyzed and assumptions f o r  each a r e  l i s t e d  below: 

1)  S h u f f l i n g  - An as t ronau t  could s h u f f l e  a t  an average 
pace of 1 f t / s e c ;  

2) Pass ing  a  package - An as t ronau t  w i l l  pass  a  s tandard 
package wi th  a  maximum mass of 150 l b  from shoulder  l e v e l ;  

3) Receiving a  package - An a s t r o n a u t  w i l l  r e ce ive  a  s t a n -  
dard package wi th  a  maximum mass of 150 l b  no lower than 
h i s  cen te r  of g r a v i t y ;  

4) Body r e p o s i t i o n  - An as t ronau t  could take  two s t e p s  and 
r o t a t e  h i s  body 90 deg i n  2  s ec ;  

5) Body r o t a t i o n  - An as t ronau t  could r o t a t e  h i s  body 90 
deg i n  2 s e c  while  h i s  f e e t  a r e  s t a t i o n a r y .  (The moment 
of i n e r t i a  a s soc i a t ed  wi th  such a  movement would be h a l f  
the  va lue  of t he  one used i f  h i s  e n t i r e  body r o t a t e d ) ;  

6) Tugging on a  package - No assumptions; 

7 )  Operat ing an  instrument pane l  - No assumptions. 

Assumptions used i n  t he  a n a l y s i s  of t he  above motions were based 
on s i m i l a r  movements performed i n  a  one-gravi ty environment. The 
r e s u l t s  of t he  zero-gravi ty  s imula t ion  t e s t s  i n d i c a t e  t h a t  the  
assumptions made were c o r r e c t  and the  s h u f f l e r  concept was work- 
a b l e  and p r a c t i c a l .  



V .  BASIC DATA GENERATED AND SIGNIFICANT RESULTS 

A f o r c e  a n a l y s i s  and a  magnet ic  a n a l y s i s  were used t o  a n a l y z e  
t h e  s h u f f l e r .  The f o r c e  a n a l y s i s  was p r e p a r e d  on motion by an 
a s t r o n a u t  i n  a  z e r o - g r a v i t y  environment a s  v a r i o u s  t a s k s  were p e r -  
formed u s i n g  t h e  s h u f f l e r s .  Both s t a t i c  and dynamic c o n d i t i o n s  
were ana lyzed  a s  t h e  a s t r o n a u t  pushed,  p a s s e d ,  o r  tugged equipment.  
A  summary of t h e  r e s u l t s  of t h e  f o r c e  a n a l y s i s  i s  shown i n  t h e  : 

f o l l o w i n g  t a b u l a t i o n .  It shows t h e  maximum a t t r a c t i v e  f o r c e  r e -  
q u i r e d  p e r  s h u f f l e r  t o  be 13.6 l b  when p a s s i n g  a  package.  It shou ld  
be s t r e s s e d  t h a t  t h e s e  f o r c e s  a r e  t h e  minimum r e q u i r e d  f o r  s t a b i l i t y .  

The magnet ic  a n a l y s i s  produced t h e  d e s i g n  of a  magnet ic  
c i r c u i t  t h a t  would produce t h e  f o r c e s  n e c e s s a r y  t o  perform t h e  
above a c t i v i t i e s .  An Indox V permanent magnet assembly was cho- 
s e n  f o r  u s e  i n  t h e  s h u f f l e r s  because  o f  i t s  p h y s i c a l  s i z e  and 
l a r g e  p u l l  c h a r a c t e r i s t i c s .  These a s s e m b l i e s  a r e  commercially 
a v a i l a b l e  from Bunt ing Magnetics i n  Chicago and w i l l  be used i n  
c o n j u n c t i o n  w i t h  a  30-mil smooth f e r r o u s  s u r f a c e .  The d i s t r i b u t e d  
a t t r a c t i v e  f o r c e  w i l l  be approximately  8 l b  i n  t h e  b a l l  a r e a  of 
t h e  s h u f f l e r  and 15 l b  i n  t h e  h e e l  a r e a .  T h i s  i n t r o d u c e s  an  ample 
s a f e t y  f a c t o r  and g i v e s  t h e  u s e r  i n c r e a s e d  s t a b i l i t y  a s  shown i n  
t h e  f i n a l  r e p o r t .  A supplementary  f l o o r  s p e c i f i c a t i o n  h a s  been 
produced i n  a d d i t i o n  t o  t h e  f i n a l  r e p o r t  f o r  a  more d e t a i l e d  
i n t r o d u c t i o n  t o  f l o o r  des ign .  

Task 

S h u f f l i n g  

P a s s i n g  Package 

Rece iv ing  Package 

Body R e p o s i t i o n  

Body R o t a t i o n  

Opera t ion  o f  I n s t -  
rument P a n e l  

Maximum R e a c t i v e  
H o r i z o n t a l  Force  

Required ( l b )  

1 .71 

2.62 

3.97 

3.91 

1.77 

2.5 

Maximum A t  t r a c t i v e  
Force  Required 

( l b )  

6.0 

13.6  

13.6  

5.4 

2.4 

12.7 



Severa l  engineer ing  eva lua t ion  models were cons t ruc ted  and 
t e s t e d  by des ign  engineers  i n  simulated zero g rav i ty .  Neut ra l  
buoyancy tanks i n  Denver and the  six-degree-of-freedom s imula tor  
MSFC i n  Hun t sv i l l e  were used. The r e s u l t s  confirmed the  a n a l y t i -  
c a l  work and showed the  s h u f f l e r  t o  be a  workable concept. The 
t e s t s  a l s o  acquainted the  design engineers  w i th  con f igu ra t ion  de-  
s i g n  requirements  t h a t  were incorporated i n  t he  f i n a l  design.  
They a r e  a s  fo l lows:  

1 )  The s h u f f l e r  s o l e  must be f l e x i b l e  t o  permit  c o r r e c t  
o r i e n t a t i o n  of t he  magnet assembl ies ;  

2) The magnet assembly i n  t he  b a l l  a r e a  of t he  f o o t  must 
f l o a t  o r  remain f l e x i b l e  w i th in  the  s h u f f l e r  t o  al low 
cons tan t  con tac t  while  s h u f f l i n g ;  

3) A c losed  toe  cap i s  necessary t o  permit  l i f t i n g  i n  the  
toe  a r ea  of t he  f o o t  while  s h u f f l i n g ;  

4) A r e s t r a i n t  s t r a p  i s  necessary t o  l i f t  t he  hee l  magnet 
from the  f e r r o u s  su r f ace ;  

5) Because of wear t h e  Teflon su r f ace  covering the  magnet 
i n  t he  b a l l  a r e a  of t he  f o o t  must be r ep l aceab le ;  

6) D-ring f a s t e n e r s  a r e  p re fe r r ed  over buckles ,  snaps,  o r  
v e l c r o  f o r  use  on the  r e s t r a i n t  s t r a p s .  

There i s  a  wear problem assoc ia ted  wi th  the  t e f l o n  covering 
of the  f r o n t  magnet assembly. This  in t roduces  the maintenance 
problem of r e p l a c i n g  the  worn t e f l o n  su r f aces .  We inves t iga t ed  
o t h e r  methods of applying a  low c o e f f i c i e n t  of f r i c t i o n  su r f ace  
t o  the  magnet assembly bu t  because of t he  1 i m i t a t i . m  on time and 
c o s t ,  t he  t e f l o n  covering was r e t a i n e d .  

Films showing the  t e s t i n g  of s h u f f l e r s  a t  a  n e u t r a l  buoyancy 
tank i n  Denver and the  six-degree-of-freedom simulator  i n  Hunts- 
v i l l e  a r e  a v a i l a b l e  from Maynard Dalton,  Technica l  Monitor a t  MSG, 
Houston, o r  Arthur  Rosener, Program Manager a t  Mart in  Mar i e t t a  
Corporat ion,  Denver. 

Two f i n a l  pro to type  s h u f f l e r s  were cons t ruc t ed ,  i nco rpora t ing  
the  r e s u l t s  of the  a n a l y s i s  and t e s t i n g .  They a r e  compatible w i th  
spacec ra f t  environment and n e u t r a l  buoyancy t e s t  tank waters ,  and 
a r e  designed a s  primary footwear wi th  a  nominal s i z e  of 9D. Deia i led  
des ign  drawings (Fig. 1)  have been made of t he  f i n a l  s h u f f l e r  des ign  
and a r e  incorpora ted  i n t o  the f i n a l  r e p o r t  of t h e  s tudy (MCR-69-507). 
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The f i n a l  w r i t t e n  r e p o r t  p re sen t s  t h e  r e s u l t s  of our s tudy t o -  
ge ther  wi th  s p e c i f i c  recommendations concerning the  use of t he  
s h u f f l e r s ,  suppor t ing  d a t a ,  c a l c u l a t i o n s  and o the r  information 
necessary  t o  s u b s t a n t i a t e  t h i s  s tudy.  The drawings and f i n a l  
r e p o r t  a r e  d e l i v e r a b l e  i tems under t h i s  c o n t r a c t .  

V I .  STUDY LIMITATIONS 

There were c e r t a i n  study l i m i t a t i o n s  i n  t he  a rea  of design 
i t s e l f  and the  t e s t i n g  t h a t  fol lows.  The f i n a l  con f igu ra t ion  of 
t he  mob i l i t y  and r e s t r a i n t  footwear was l imi t ed  i n  the  a r ea  of 
a n a l y s i s ,  t e s t i n g ,  and the eva lua t ion  models produced. Seven 
motions were considered a s  r e l a t e d  t o  crewmen's work t a s k s  and 
a c t i v i t i e s  i n  a  l a rge  workshop a r e a .  The maximum fo rces  and 
torques assumed wi th  these  motions a r e  shown i n  the fo l lowing  
t a b u l a t i o n .  

It i s  e n t i r e l y  conceivable  t h a t  a  crew member could e a s i l y  s u r -  
pass  t hese  r e s i s t a n c e s .  The va lues  were der ived  from reasonable  
assumptions i n  a  one-gravi ty environment and va r ious  app l i cab le  
documents. 

t 

Task 

S h u f f l i n g  

Pass ing  Package 

Receiving Package 

Tugging 

Operat ing Instrument Panel 
Pushbutton 
Rotary Se lec to r  

Lower Body Reposi t ion 

Upper Body Reposi t ion 

The t e s t i n g  r e s u l t s  were very informative and exceeded a l l  
expec ta t ions .  However, t h e  r e s u l t s  were l imi t ed  by the simulated 

Design Res is tance  

1.71 1b 

2.62 l b  

3.97 l b  

6.50 l b  

2.5 l b  
6.0 i n . - l b  

3.91 1b 

1.77 l b  



zero  g r a v i t y  i n  n e u t r a l  buoyancy t e s t  t a n k s  and t h e  s i x - d e g r e e -  
of-greedom z e r o - g r a v i t y  s i m u l a t o r .  The d u p l i c a t i o n  of t h e  e x a c t  
a n a l y t i c a l  movements was d i f f i c u l t  and could  o n l y  be accomplished 
i n  a  t r u e  z e r o - g r a v i t y  environment .  

The e v a l u a t i o n  models produced were d i f f e r e n t  from t h e  f i n a l  
s h u f f l e r  model, b u t  they  d i d  p l a y  an impor tan t  p a r t  i n  t h e  d e s i g n  
of t h e  f i n a l  p r o t o t y p e .  The f i n a l  d e s i g n  has  n o t  been t e s t e d  i n  
s i m u l a t e d  z e r o  g r a v i t y ,  b u t  should  g i v e  b e t t e r  r e s u l t s  t h a n  any 
of t h e  e v a l u a t i o n  models. 

V I I .  CONCLUSIONS AND RECOMMENDATIONS FOR RESEARCH 

The wear problem a s s o c i a t e d  w i t h  t h e  t e f l o n  c o v e r i n g  on t h e  
f r o n t  magnet assembly i n d i c a t e s  t h a t  f u r t h e r  work i n  t h i s  a r e a  
shou ld  be accomplished.  We have i n v e s t i g a t e d  armalon c o v e r i n g ,  
t e f l o n  s p r a y ,  and p o t t i n g  t h e  permanent magnet assembly i n  Tef lon .  
The armalon c o v e r i n g  was q u i c k l y  worn through d u r i n g  t e s t i n g  and 
was r e j e c t e d  because t e f l o n  had b e t t e r  wear c h a r a c t e r i s t i c s .  
T e f l o n  s p r a y  was r e j e c t e d  because  we could  n o t  o b t a i n  a s  d u r a b l e  
a  c o a t i n g  a s  d e s i r e d .  P o t t i n g  t h e  magnet assembly i n  t e f l o n  i n t r o -  
duced a n o t h e r  problem. Because o f  t h e  c u r i n g  p r o c e s s  invo lved  
w i t h  such  a n  o p e r a t i o n ,  t h e  magnet assembly would have t o  be 
remagnet ized.  We f e e l  t h a t  w i t h  development,  t h e  most p romis ing  
s o l u t i o n  would be t h e  t e f l o n  s p r a y .  

It should  be no ted  t h a t  t h e  s h u f f l e r s  f a b r i c a t e d  d u r i n g  t h i s  
c o n t r a c t  have been des igned  a s  p r imary  footwear .  I n  a c t u a l  f l i g h t  

.usage,  t h e  s h u f f l e r s  should  be des igned  a s  secondary foo twear .  
I f  t h i s  were t h e  c a s e ,  a  s imple  donning and d o f f i n g  o p e r a t i o n  
could  t a k e  p l a c e ,  e l i m i n a t i n g  t h e  need o f  exchanging two p a i r  of 
pr imary foo twear .  

The u s e  of magnet ic  a t t r a c t i o n  i n  space  i n t r o d u c e s  a n  i n t e r -  
e s t i n g  problem of weight  d e s i g n .  Magnets and t h e  m a t e r i a l s  t h a t  
t h e y  a t t r a c t  a r e  u s u a l l y  made from a  r a t h e r  dense  f e r r o u s  mate- 
r i a l .  An e f f o r t  could  be made t o  reduce  t h e  we igh t  of t h e  mag- 
n e t i c  c i r c u i t  and make t h e  u s e  o f  magnetism more p r a c t i c a l  f o r  
s p a c e c r a f t  environment.  The i n t r o d u c t i o n  of ceramic  a s s e m b l i e s  
h a s  b rought  about  a  h i g h  a t t r a c t i v e  f o r c e  and low weight  c h a r a c -  
t e r i s t i c ,  b u t  magnet ic  c i r c u i t  d e s i g n  can s t i l l  be improved. A 
s t u d y  of h i g h  p e r m e a b i l i t y  m a t e r i a l s ,  permanent magnet d e s i g n ,  
and magne t ic  c i r c u i t  c o n f i g u r a t i o n  shou ld  be c o n s i d e r e d  f o r  f u r -  
t h e r  r e s e a r c h .  T h i s  could  produce t h i n n e r  f l o o r s  and l i g h t e r  
s h u f f l e r s ,  t h u s  p r o v i d i n g  a  g r e a t e r  p o t e n t i a l  we igh t  s a v i n g s  when 
t r a d i n g  o f f  between o t h e r  t y p e s  o f  r e s t r a i n t  d e v i c e s .  



V I I I .  SUGGESTED ADDITIONAL EFFORT 

The r e s u l t s  of t h i s  c o n t r a c t u a l  s tudy  i n d i c a t e  t h a t  f u r t h e r  
t e s t i n g  of the  s h u f f l e r s  i n  a  zero-gravi ty  cond i t i on  i s  warranted. 
Th i s  t e s t i n g  should be accomplished f i r s t  on pa rabo l i c  f l i g h t s  
of t he  KC-135 a i r c r a f t .  I f  the  concept cont inues  t o  look prom- 
i s i n g ,  a  ' shu f f l e r  package should be incorpora ted  a s  an expe r i -  
ment on an e a r l y  Apollo Appl ica t ions  Program f l i g h t .  The shuf-  
f l e r s  could be used i n  conjunct ion wi th  e x i s t i n g  scheduled ex- 
per iments .  

The a n a l y s i s  has i nd ica t ed  t h a t  a  0.030-in. pure i r o n  f l o o r  
w i l l  be requi red  f o r  use  wi th  the  s h u f f l e r s  i n  t h e i r  a r ea  of 
opera t ion .  For the  zero-gravi ty  pa rabo l i c  a i r c r a f t  f l i g h t s ,  an 
1 8 ~ 1 5 6 ~ 0 . 0 3 0 - i n .  i r o n  shee t  could be secured t o  the  c e i l i n g  of 
t he  a i r c r a f t  cabin.  This  i r o n  shee t  would weigh approximately 
23.2 l b  and should have s t r u c t u r a l  support .  I f  incorporated on 
an  e a r l y  Apollo Appl ica t ions  f l i g h t ,  i t  would be very imprac t i ca l  
t o  completely cover t he  e x i s t i n g  gr id- type  f l o o r  design of t he  
O r b i t a l  Workshop wi th  a  l a r g e  p i ece  of shee t  metal.  Therefore 
i t  would be d e s i r a b l e  t o  use smal le r  p i eces  t h a t  can be e a s i l y  
s t o r e d  o r  fas tened  i n  p a r t i c u l a r  o p e r a t i o n a l  a r eas .  Various 
combinations of 2x3-ft  p l a t e ,  0.030 in .  t h i c k ,  could be used t o  
provide a  f e r r o u s  s u r f a c e  t h a t  could be used while  performing 
e x i s t i n g  planned experiments.  Experiments could be performed 
w i t h  and without  the s h u f f l e r s .  

We recommend t h a t  s i x  s epa ra t e  p i eces  of the  above dimension 
f l o o r  be incorpora ted  i n t o  an experiment package f o r  use i n  the 
workshop. Th i s  would enable an a s t ronau t  t o  have two 3x4-ft  work 
a r e a s  connected by a  6 - f t  walkway. Also, by a l i g n i n g  the  f l o o r  
p i eces  i n  a  s t r a i g h t  l i n e ,  an a s t ronau t  could e x e r c i s e  the  shuf -  
f l i n g  mode over a d i s t a n c e  of 18 f t .  

The workshop f l o o r  w i l l  c o n s i s t  of s t r u c t u r a l  members sand- 
wiched between two g r i d  networks. The g r i d  network w i l l  be 4  i n .  
t h i c k  and w i l l  have a  uniform g r id  p a t t e r n  throughout the  f l o o r  
a r ea .  This  uniform p a t t e r n  w i l l  a l low the  meta l  shee t s  t o  be 
used i n  nea r ly  any o r i e n t a t i o n  des i red .  

Since the  f l a t  s h e e t s  must remain f a i r l y  f l e x i b l e  a s  f a r  a s  
l o c a t i o n  i s  concerned, they need no t  be a t t a c h e d  permanently. 
The gr id- type f l o o r  could be a t tached  i n  s e v e r a l  ways. Some 
p o s s i b i l i t i e s  a r e  magnets, sp r ing  c l i p s ,  o r  clamps. They must 
leave the  metal  shee t  r e l a t i v e l y  f r e e  from d i s c o n t i n u i t i e s  on 



i t s  s u r f a c e ,  however, s o  t h e  a s t r o n a u t  cou ld  move about  w i t h o u t  
s tumbling.  

I n  a d d i t i o n  t o  t e s t i n g ,  a  d e t a i l e d  examina t ion  o f  each  AAP 
exper iment  c o u l d  be made t o  de te rmine  v a r i o u s  usages .  A d e t a i l e d  
weight  t r a d e o f f  of t h e  s h u f f l e r s  v e r s u s  o t h e r  t y p e s  o f  r e s t r a i n t s  
could  be performed.  




